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Following Ciganek's (1961) classic descrip- 
tion of  the human scalp EEG response to 
photic stimulation, considerable research has 
been devoted to this subject. Of special inter- 
est to clinical neurophysiologists as well as 
psychiatrists is whether psychiatric patients 
show abnormalities in the visual evoked 
response (VER) as well as other sensory 
evoked potentials. The extensive studies in 
this area have been reviewed by Shagass 
(1975). With particular attention to the visual 
evoked response in schizophrenics versus nor- 
mals, Shagass (1975, 1976) reported that  the 
VER of schizophrenics shows greater ampli- 
tude variability, faster latencies and less after- 
rhythm. Furthermore,  chronic schizophrenics 
vary to a greater extent  from normals than 
from acute or latent schizophrenics. In addi- 
tion, Shagass and Schwartz (1965) and Shagass 
et al. (1977) have emphasized that the late 
components  (beyond 100 msec) of  the VER 
are reduced in amplitude in chronic schizo- 
phrenic patients. Shagass and Straumanis 
(1978) have concluded that antipsychotic 
medication tends to normalize the VER in 
patients who are clinically improved. Itil et al. 
(1972) have shown, using digital computer  
period analysis and analog power  spectra, that 
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schizophrenic patients show less amplitude 
variability than normal subjects. These findings 
are reminiscent of  those of  Murphree et al. 
(1962) and Goldstein et al. (1963, 1965) who 
found, using EEG recordings, that chronic 
schizophrenics were 'hyperaroused' ,  and 
exhibited less variability than mentally normal 
controls. 
The indole hypothesis of  schizophrenia sug- 
gests that  a hallucinogenic agent may be 
present in some schizophrenic patients. Ani- 
mal data (Evarts 1958; Moore et al. 1976) 
have shown that the indole hallucinogens 
block the lateral geniculate nucleus of  the cat 
and monkey.  In a series of human studies, 
several investigators (Murphree et al. 1962; 
Goldstein et al. 1963; Rodin and Luby 1966; 
Itil 1977) reported LSD and other indole- 
containing hallucinogens caused a reduction 
of  the amplitude and lowered variance of  the 
EEG and VER in normal subjects. In view of 
these studies, one would anticipate that  the 
VER wave amplitudes of  patients having an 
endogenous hallucinogenic substance are 
depressed. In fact, Rodin et al. (1968) have 
shown that some chronic schizophrenic 
patients have a diminished VER. 
Gottlieb and Frohman (1974) reported 
that schizophrenics could be divided into two 
subgroups based on their blood t ryptophan 
uptake level. The high t ryptophan uptake 
schizophrenics (HT) also had a high lactate/ 
pyruvate ratio which indicates insufficient cel- 
lular oxidation, while the low t ryptophan 
uptake schizophrenics (LT) had a low lactate/ 
124 E.F.  DOMINO ET AL. 
pyruvate ratio. Rodin (1971) observed that  
HT uptake schizophrenic patients tended to 
have longer  latencies and decreased ampli- 
tudes in their VER while LT schizophrenics 
exhibited the opposite tendencies (particu- 
larly with regard to amplitudes). He con- 
cluded that  these subgroups must be analyzed 
separately or they will tend to cancel each 
other and 'normalize' their overall response 
curves. 
We have had an opportuni ty  to utilize a 
unique computer approach to analyze the 
VER of normals versus drug-free chronic schi- 
zophrenic patients as a group and dividing 
their HT and LT uptake subgroups according 
to Gottlieb and Frohman (1974). This manu- 
script describes the results obtained which do 
not  support the hypothesis of a circulating 
hallucinogenic factor that  depresses the VER 
of  schizophrenic patients unless one also 
postulates that  these patients are tolerant 3 
Methods 
Eleven normal male volunteers and 13 
cooperative male drug-free chronic schizo- 
phrenics were studied. No significant differ- 
ences were found between the two groups in 
height, weight, eye conditions, smoking 
habits, handedness, or education; however, 
the mean age for the patients was 35, while 
the normal control group's age was 28 (P < 
0.05). All of the patients were fasting while 7 
of~the 11 normals had had some form of  break- 
fast. The average number of years of hospitali- 
zation for the chronic schizophrenics was 9 
years. Because these patients were non- 
:'eaponders to neuroleptic medication and the 
possible danger of developing tardive dys- 
kinesia, all medication was stopped for at 
least 6 months prior to the study. Each 
patient was given the Brief Psychiatric Rating 
Scale (BPRS) on the day of  the experiment 
which was theft correlated with a ward token 
3 Our  original  abs t r ac t  ( D o m i n o  et  al., 1976)  con-  
t a ined  several er rors  which  have b e e n  co r rec ted  in 
th is  pub l i ca t ion .  
system to measure the patient 's current psy- 
chopathology. 
The subject's head was measured and elec- 
trodes were applied using the 10--20 system 
for electrode placement (Cooper et al. 1971). 
Silver disc electrodes were used with Grass 
electrode cream. Data were gathered from 
Oz, O1, 02, C3 and C4 electrodes paired with 
combined ear reference (A~ and A:). In all 
cases the resistance was checked on an ohm 
meter with each lead showing no" greater than 
10,000 ~2. The subject sat with closed eyes in 
a dark soundproof room with the face of a 
parabolic Grass PS-2 photic stimulator lamp 
of 5 in. diameter centered 15 cm from the 
nasion. Prior to photic stimulation, a 10 min 
resting record was obtained to determine the 
basic frequency characteristics of the sub- 
ject's EEG. The subject's fixation on the 
stimulus was monitored by infrared, closed 
circuit television to insure his cooperation 
throughout.  Several patients'  records were not 
used because they could not  keep their eyes 
closed or control their eye movements. 
The stimulus used to obtain the VER 
results described in this manuscript was an 
unpatterned flash of single intensity. The 
experimental design followed in general the 
procedure of Kooi and Bagchi (1964) who 
also elicited the VER from flashes of light of 
the same intensity. This procedure seemed 
reasonable since Hall et al. (1973) used mul- 
tiple flash intensities and found close agree- 
ment  in the occipital latencies reported by 
Kooi and Bagchi (1964). 
The Grass photic stimulator was set at low 
intensity 2 (2.38 × 106 lumens/sec) for 3 
separate runs: one real run, then a blind run 
in which a black cover was placed over the 
strobe lamp, and finally another real run. 
Each run contained a summation of 200 
responses randomized from 1 to 3 sec. The 
analysis period ranged from 100 msec prior to 
the flash to 400 msec after the flash. To avoid 
habituation, the subject was allowed to relax 
for 5 min between runs. 
The auditory click of the photic stimula- 
tor lamp was deadened by packing the back 
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Fig. 1. Schematic diagram of  the recording equipment. The Grass $8 stimulator/timer initiates a Mnemetron Com- 
puter of  Average Transients (CAT) and an IBM 1800 computer. The CAT in turn drives the photostimulator, pro- 
vides a timing signal, and can be utilized to provide X-Y plotting for immediate feedback. In addition, the output 
of  the Grass polygraph is fed via an analog-to-digital converter to the IBM 1800 computer. 
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Fig. 2. Computer print-out of  a VER. This figure represents the average of 200 flashes/evoked potentials ran- 
domized 1--3 sec with an analysis period of 500 msec. The flash occurred 100 msec into the analysis period, as 
shown at the arrow. 'At-signs' (@) indicate wave amplitude (negativity up), while asterisks (*) represent standard 
error (S.E.). In the left-hand margin are print-outs which designate the specific VER. The upper and lower group 
of  numbers represent, from top to bottom, the analysis interval (msec), wave amplitudes (/JV) and S.E. (/JV) as 
indicated. 
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of the lamp with glass wool. Of course, the 
possibility does exist that. a barely audible 
click caused a different response to flash in 
normals versus schizophrenic patients (Brazier 
1964}. However, no significant differences 
were found between the schizophrenic group 
and control group blind run records. 
The EEG was monitored by a Grass Model 
7 polygraph at a time constant of 0.24 sec 
or 0.3 Hz and high bandpass of 35 Hz. The 
evoked responses were summarized in com- 
bination with a Mnemetron Computer of 
Average Transients (CAT) and an IBM 1800 
computer. In this setup, a Grass $8 drives a 
Mnemetron CAT, which in turn drives the 
photic stimulator, monitors the EEG, yields 
an X-Y plot for immediate feedback, and pro- 
vides a synchronizing signal via an analog- 
digital converter to the 1800 computer. The 
1800 is also monitoring the EEG, as well as 
receiving a 'synchronizing' signal from the 
CAT. A schematic diagram is shown in Fig. 1. 
Results were tabulated from the IBM 1800 
computer analysis of the data by a program 
which computes the mean and S.E. of any 
number of successive scans (200 responses) of 
a repetitive signal corrupted by stationary 
noise. The scan' time may be selected at 1, 
0.5, 0.25, or 0.12 sec. A scan time of 0.5 sec 
(500 msec) was used for this study. During 
each scan, the signal was sampled at 100 
equally spaced intervals of 5 msec each by a 
computer-controlled digital volt meter. The 
information from corresponding points of 
each of the 200 scans was averaged, and an 
estimate of the standard error of the average 
calculated for each sample run. The result was 
a combined graphical and numerical report 
which tabulated the mean and standard error 
of the microvolt signal at a given time (msec). 
A typical writeout is shown in Fig. 2. 
Results 
The latency ranges for the various waves of 
the occipital evoked potential were very simi- 
lar to those of  Kooi and Bagchi {1964). Nega- 
tive peak amplitudes for waves I, III, V and 
after-rhythm were included in the statistical 
analysis only if they were displayed above the 
isoelectric line by the computer as shown in 
Fig. 2. It should be noted that  negativity was 
considered as bein~ up. Positive peak ampli- 
tudes for waves II, IV and VI were included in 
the statistical analysis only if they were dis- 
played below the isoelectric line by the com- 
puter. The central region (C3 and C4) exhib- 
ited strong secondary waves with little or no 
primary waves being present as these are 
directly related to the occipital area of the 
brain. Therefore, the wave forms displaying 
the greatest positive, negative, positive ampli- 
tude combination were determined to be 
waves IV, V and VI, respectively. The next 
greatest negative wave preceding wave IV was 
considered to be wave III. In some cases it 
appeared that  all the primary waves (I, II 
and III) were present in the central VER 
record and, therefore, were included in the 
statistical analysis. 
Amplitudes for waves II and V were further 
analyzed by another set of criteria. The dif- 
ference between the peak amplitude of wave I 
and the peak amplitude of wave II was con- 
sidered to be the true peak amplitude of wave 
II and the difference between the peak ampli- 
tude of wave IV and the peak amplitude of 
wave V was considered to be the true peak 
amplitude of wave V. 
Group comparison Student  t-tests were ob- 
tained from the means and standard errors 
obtained within each group. Significant scores 
are shown in Tables I and II for schizophrenic 
patients versus normals. Tables III and IV 
divide the schizophrenic patients into two 
subgroups based on whether they have HT or 
LT uptake levels (Gottlieb and Frohman 
1974). The t ryptophan uptake levels were 
done within a 1 month  period of the VER. 
Significant scores are shown for HT versus LT 
uptake schizophrenics, and for HT and LT 
uptake schizophrenics compared to normals. 
When the schizophrenics overall were com- 
pared to the normal controls (Tables I and II), 
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mined for the peak wave latencies or ampli- 
tudes of  the VER either within each run or 
between run 1 and run 2. It should be noted, 
however, that all the significant differences 
with respect to latency occurred within the 
occipital region with the schizophrenic 
patients showing a longer latency versus the 
normals. 
TABLE V 
Ampl i tude  of  wave II and wave V as distance traveled be tween two points.  
Run 1 mean _+ S.D. (n) Run  2 mean _+ S.D. (n) 
Wave II amp Wave V amp Wave II amp Wave V amp 
Normal  O1 1.4 _+ 1.3 --3.4 _+ 1.9 0.8 -+ 0.5 
(7) (I0) (5) 
Schizophrenics 01 0.8 _+ 0.5 --7.3 _+ 5.4 1.2 _+ 0.7 
(6) (9) (5) 
High tryptophan Ol N.D. --3.3 +- 3.1 d,* N.D. 
(4) 
Low tryptophan O! 1.0 -+ 0.4 --10.4 _+ 4.8 b,** 1.0 _+ 0.6 
(4) (5) d,* (4) 
Normal  Oz 1.7 + 1.2 --2.9 + (2.8) 1.5 +_ 0.5 
(5) (10) (4) 
Schizophrenics Oz 1.0 + 0.8 --7.6 _+ 4.9 a,* 1.1 -+ 0.9 
(4) (8) (5) 
High tryptophan Oz N.D. --3.2 -+ 2.3 d,*** N.D. 
(4) 
Low tryptophan O z 1.2 +_ 0.8 --12.0 _+ 0.9 b,**** 1.2 -+ 1.0 
(3) (4) d,*** (4) 
Normal  02 2.0 _+ 1.6 --3.6 _+ 2.4 1.4 _+ 0.8 
(5) (10) (5) 
Schizophrenics 0 2 0.7 +_ 0.4 7.6 -+ 5.5 1.1 _+ 0.6 
(6) (8) (4) 
High tryptophan 0 2 0.4 _+ 0.4 --2.9 _+ 1.0 d,*** N.D. 
(3) (4) 
Low tryptophan 0 2 1.0 -+ 0.4 --12.4 _+ 3.1 b,**** 1.0 +- 0.7 
(3) (4) d,*** (3) 
Normal  Ca 1.2 +- 0.6 --8.1 _+ 5.9 N.D. 
(3) (9) 
Schizophrenics C3 1.6 _+ 1.2 --5.6 _+ 3.2 N.D. 
(4) (9) 
High t ryp tophan  Ca 1.6 -+ 1.2 --4.9 _+ 2.2 N.D. 
(4) (3) 
Low t ryp tophan  Ca N.D. --5.9 -+ 3.7 N.D. 
(6) 
Normal  C4 N.D. --8.4 _+ 6.3 1.5 _+ (1.5) 
(8) (3) 
Schizophrenics  C4 1.7 + 0.9 --5.6 _+ 3.4 N.D. 
(4) (10) 
High tryptophan C4 1.7 -+ 0.9 --4.0 + 0.3 N.D. 
(4) (4) 
Low t ryp tophan  C4 N.D. --6,7 _+ 4.1 N.D. 
(6) 
--2.5 _+ 1.7 
(10) 
--6.8 -+ 5.2 a,* 
(8) 
--2.5 _+ 1.4 d,** 
(4) 
--11.0 -+ 3.6 b,*** 
(4) d,** 
--3.1 -+ 2.8 
(8) 
--6.6 -+ 5.3 
(8) 
--2.7 -+ 1.1 d,* 
(4) 
--10.6 -+ 4.7 b,* 
(4) d,* 
--3.1 -+ (2.2) 
(10) 
--6.8 -+ 6.3 
(8) 
--2.4 +- 0.9 d,* 
(4) 
--11.2 -+ 6.4 b,* 
(4) d,* 
--6.8 _+ 5.3 
(10) 
--4.5 _+ 2.7 
(10) 
--5.4 +_ 1.9 
(3) 
--4.2 -+ 3.0 
(7) 
--7.8 _+ 6.0 
(9) 
--5.1 + 3.1 
(12) 
--3.5 -+ 1.1 
(4) 
--6.0 + 3.6 
(8) 
a Probabil i ty  of  all schizophrenics  vs. normals. 
b Probabi l i ty  o f  low t ryp tophan  schizophrenics vs. normals.  
c Probabil i ty  of  high t ryp tophan  schizophrenics vs. normals. 
d Probabil i ty  o f  low t ryp tophan  schizophrenics  vs. high t ryp tophan  schizophrenics.  
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The patients were further split into HT and 
LT subgroups (Tables III and IV). No consis- 
tent  significant differences were observed in 
the peak wave amplitudes of the subgroups 
either between themselves or when compared 
to normals. However, in the peak latencies of 
the occipital region, what was significantly 
different in Tables I and II for waves IV, V 
and VI is also significantly different in the LT 
subgroup versus normals. Interestingly, all the 
significant LT latencies ran longer when com- 
pared to normals. Eight of  the 9 significant 
differences for the LT subgroup versus nor- 
mals occur in the occipital region with wave 
V showing differences in all the occipital leads 
(Ol, O~ and 02). 
The HT group showed no significantly dif- 
ferent peak latencies when compared to nor- 
mals in the occipital region. When the signifi- 
cant data from Tables I to IV are combined for 
latency, waves III, IV and V in the occipital 
regions show the greatest variability while 
wave III in the central regions shows only a 
significant difference in the HT versus LT 
subgroups. 
Since run 2 showed more and greater sig- 
nificant differences (Tables II and IV, respec- 
tively) from run 1, t-tests were determined 
between both runs for all groups. No signifi- 
cant differences were found between the two 
runs for any group. 
The amplitudes of wave II and wave V were 
further analyzed by taking the difference 
(pV) between waves I and II and waves IV 
and V. The results are shown in Table V. No 
significant differences were found in wave II; 
however, in wave V for the occipital regions, 
the LT group showed significant increase 
amplitudes when compared to either normals 
or the HT subgroup. No significant differ- 
ences were seen in the central region for the 
LT subgroup. The HT subgroup showed no 
consistent significant differences for either 
the occipital or central regions. 
As one reviews the data from the occipital 
region in all the tables it appears that  the 
peak wave latencies of all the schizophrenics 
and the LT subgroup consistently run longer 
than the normals. The LT subgroup peak 
wave latencies also run longer than the HT 
subgroup. Furthermore,  the amplitude peaks 
of waves IV and V and to a lesser extent  wave 
VI in the occipital region do tend to be 
increased in the schizophrenic and LT sub- 
groups when compared to normals. The LT 
subgroup also displays greater variability over 
the HT subgroup. There were no consistent 
patterns in the central region for either wave 
peak amplitudes or latencies except for the 
wave IV peak latency of the HT schizo- 
phrenics which ran longer in both runs versus 
LT. It should be noted that  no significant dif- 
ferences were seen in either the occipital or 
central regions for the after-rhythm. 
The two psychological testing scales, the 
BPRS and ward token system for the schizo- 
phrenic patients correlated significantly. The 
BPRS scores were further divided into the HT 
and LT subgroups. The HT group had a higher 
BPRS score of 387o indicating a greater degree 
of psychopathology than the LT patients, 
which had a score of 247o (P ( 0 . 0 5 ) .  
Discussion 
In this study the VER of chronic schizo- 
phrenics showed no consistent significant dif- 
ferences when compared to normals. How- 
ever, the differences, which did occur, 
occurred mainly in the occipital brain region 
with the schizophrenic VER displaying pro- 
longed latencies and increased amplitudes. 
Therefore, this study overall does not provide 
any electrophysiological evidence for an 
indole hallucinogen hypothesis for process 
schizophrenia. 
The patients were further divided into 
high and low plasma t ryptophan uptake 
levels since it is hypothesized that  trypto- 
phan -~ tryptamine-* N,N-dimethyltryptamine 
(DMT), a known hallucinogen. From the 
BPRS scores HT schizophrenics appear to 
have a greater degree of psychological distur- 
bances when compared to the LT schizo- 
phrenics. Caldwell and Domino (1967) found 
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HT schizophrenics spend less time in stage IV 
sleep (the deepest stage) relative to controls. 
The HT group also exhibits much poorer 
proprioception (Rosenbaum et al. 1965) and 
galvanic skin response conditioning (Frohman 
1971) relative to normals. Therefore, it would 
follow that the HT schizophrenics would have 
a diminished VER amplitude in support  of  
the indole hypo~hesis. 
Although the HT schizophrenics did show 
a diminished VER amplitude when compared 
to the LT schizophrenics, no significant dif- 
ferences were found between the HT schizo- 
phrenics and normal controls. Our failure to 
find any difference in the VER amplitude of  
the HT schizophrenics versus normals could 
be related to the fact that these patients were 
a select group of  non-responders with long his- 
tories of illness. Small and Small (1965), in 
their review of schizophrenic EEGs, reported 
that the longer the period of illness the more 
normal the EEG recordings. Furthermore,  
since these patients were hospitalized on the 
average of  9 years, the possibility does exist 
that  over time they developed tolerance to an 
indole hallucinogen such as DMT. Tolerance 
has been observed to DMT in rats {Kovacic 
and Domino 1976). 
The fact that the LT schizophrenic group 
as well as schizophrenics overall displayed 
prolonged latencies and increased amplitudes 
when compared to normals further suggests 
that the schizophrenics, and to a greater 
degree the LT schizophrenics, do not  possess 
an excess of  any indole-containing halluci- 
nogen. This s tudy in general confirms that of  
Rodin (1971) who studied a similar group of  
schizophrenic patients. 
Summary 
Thirteen cooperative male drug-free 
chronic schizophrenic patients, and 11 men- 
tally normal male controls were studied. The 
VER was recorded from scalp leads O1, O2, 
Oz, C3 and C4 to combined ear reference 
(A1--A2). The stimulus was an unpatterned 
flash of  single intensity. Compared to normal 
controls, there were no consistent differences 
in wave peak latencies or amplitudes for 
chronic schizophrenics in any brain area 
tested. When the chronic schizophrenic 
patients were separated on the basis of  high 
and low t ryptophan uptake, using the Froh- 
man--Gottl ieb criteria, the high uptake group 
exhibited normal VERs while in the occipital 
regions the low t ryptophan uptake group 
exhibited prolonged latencies and an 
increased amplitude for wave V when com- 
pared to normals. From BPRS scores the high 
t ryptophan subgroup indicated a greater 
degree of  psychopathology than the low 
t ryptophan subgroup. The results obtained do 
not  support  an indole hallucinogen hypothesis 
for process schizophrenia. 
R~sumd 
Comparaison des rdponses dvoqudes visuelles 
(PEVs) de malades schizophrdnes chroniques 
sans traitement et de sujets normaux de con- 
tr6le 
Treize patients coopdratifs, de sexe mas- 
culin, schizophr~nes cbroniques sans traite- 
ment  et 11 sujets de contr61e normaux, du 
m~me sexe, ont  dt~ ~tudi~s. Les PEVs ont  
~t~ enregistr~s sur le scalp par des d~rivations 
monopolaires situdes en O1, 02, Oz, C3 et C4, 
avec r~f~rence sur les deux oreilles reli~es 
entre elles. Le stimulus dtait un flash simple, 
d'intensit~ constante. Aucune difference signi- 
ficative n'a ~t~ observ~e dans les latences ou 
les amplitudes des composantes des PEVs, 
pour  aucune des topographies ~tudi~es, entre 
les sujets schizophrSnes et les sujets de con- 
trSle. Lorsque l 'on s~pare les malades en deux 
groupes sur la base d 'une capture ~lev~e ou 
faible de tryptophane,  en utilisant le crit~re 
de Frohman--Gottl ieb,  le groupe ~ capture 
dlev~e montre  des PEVs normaux, tandis que, 
dans les rdgions occipitales, le groupe ~ cap- 
ture faible pr~sente des latences allong~es et 
un amplitude augment~e de l 'onde V par rap- 
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p o r t  ~ la  n o r m a l e .  D ' a p r ~ s  les s c o r e s  au  B P R S ,  
le g r o u p e  ~ c a p t u r e  ~lev~e d e  t r y p t o p h a n e  
p r ~ s e n t e  u n  p l u s  g r a n d  degr~ d e  m o r b i d i t ~  q u e  
le g r o u p e  ~ c a p t u r e  f a ib l e .  Les  r ~ s u l t a t s  o b -  
t e n u s  n e  c o n f i r m e n t  pas  l ' h y p o t h ~ s e  d ' u n  
f a c t e u r  i n d o l  h a l l u c i n o g ~ n e ,  d a n s  les  s ch i zo -  
p h r ~ n i e s  p r o c e s s u e l l e s .  
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